Objective: This retrospective, case-controlled study compares the operative outcomes of retroperitoneoscopic nephrectomy (RN) and transperitoneal laparoscopic nephrectomy (TLN) in obese patients.
Introduction
Obesity, defined as a body mass index (BMI) greater than 30 kg/m², is an increasingly common social health problem around the world, especially in Western societies and industrialized countries. The prevalence of obesity has been found to be approximately 3% in Japan and 30% in the United States. [1, 2] Meanwhile, the prevalence of obesity was reported to be 16% in Turkey, and this rate tends to increase each year. [3] The same study reported that the proportion of the population that is overweight, which can be used to predict future obesity, is 40%. Many studies have shown that obesity is associated with general co-morbidity, depending on simultaneously occurring diabetes mellitus (DM) and hypertension. In addition, obesity is associated with an increased risk of perioperative complications, such as respiratory and cardiovascular problems, deep vein thrombosis (DVT), incisional hernias, wound infections and dehiscence. [4] [5] [6] [7] [8] Thus, obese patients are considered to be special, challenging cases when surgical interventions are considered.
Since it was first described in 1991, transperitoneal laparoscopic nephrectomy (TLN) has been widely accepted as a standard surgical method for the simple nephrectomy of non-functioning kidneys and the radical nephrectomy of clinically localized T1 and T2 tumors that are not amenable to partial nephrectomy. [9, 10] Two years after the introduction of the transperitoneal technique, retroperitoneoscopic nephrectomy (RN) was described as an alternative to this approach. [11] Currently, long-term data indicate that transperitoneal laparoscopic and retroperitoneoscopic radical nephrectomy have cancer-free survival rates that are equivalent to that of open radical nephrectomy. [10, [12] [13] [14] An increased incidence of renal cell carcinoma (RCC) in obese patients, as well as an increased rate of perioperative complications, has directed the attention of urologists to the surgical treatment of renal tumors in obese patients and has prompted them to use laparoscopic approaches in this special patient group. [15] [16] [17] However, to our knowledge, only a limited number of studies using the World Health Organization body mass index (WHO-BMI) classification have undertaken "head-to-head" comparisons of these two approaches in obese patients. The aim of the present study is to directly compare RN and TLN in terms of perioperative parameters, complications and open conversions. [18] 
Materials and methods
In this study, radical and simple LNs were retrospectively analyzed from our prospectively collected institutional LN database. The database was adopted from the University of Michigan Laparoscopy Database Chart Abstraction form and includes demographic, operative, and follow-up information from more than 400 patients treated at our institution. Patients were excluded from the study if data related to demographics, BMI, peri-operative parameters or pathological findings were missing. Of those operations conducted between September 2005 and February 2011, 202 LNs (114 radical and 88 simple) were included in this study. The patients were stratified into 3 groups according to the WHO-BMI classification system: normal (Group 1-BMI <25 kg/m², n=68), overweight (Group 2-25 kg/m² ≤ BMI <30 kg/m², n=88) and obese (Group 3-BMI ≥30 kg/m², n=46). Each group was divided into retroperitoneoscopic (A) and transperitoneal (B) subgroups. The demographic data (age, sex, laterality, co-existence of DM or hypertension, and operation type), peri-operative outcomes (operative time, estimated blood loss, transfusion, length of hospital stay, complications, and open conversions) and pathological results of the patients in each group were compared.
Surgical technique:
Briefly, in the RN procedures, the patient was placed in a standard full-flank position, a 2-cm incision was made at the Petit triangle, and a dissector was inserted into the retroperitoneal space through the thoracolumbar fascia. The retroperitoneal space was dilated with a balloon dilator; in leftsided cases, a 12-mm trocar was inserted at the tip of the 12th rib and a 5-mm trocar was inserted 3 cm above the anterior superior iliac spine. In right-sided cases, the 12-mm and 5-mm ports were reversed. Following the placement of a 10-mm trocar at the Petit incision for the camera, the operation continued with blunt dissection and the identification of the ureter, renal hilus and vessels. After the application of 3 Hem-o-lok® clips on each artery and vein, the vessels were transected. The specimen was released from the surrounding adhesions and was removed.
In the TLN procedures, the patient was placed in a 45°-60° modified flank position. A Veress needle was used to create a 15 mmHg pneumoperitoneum. A 10-mm trocar was placed lateral to the umbilicus, and the camera was introduced into the abdominal cavity. In right-sided cases, a 12-mm second port was placed at the midclavicular line 2 cm below the costal margin, while the 5-mm third port was inserted between the anterosuperior iliac spine and the umbilicus. In left-sided cases, a 12-mm port was placed between the anterosuperior iliac spine and the umbilicus, while a 5-mm port was placed at the midclavicular line 2 cm below the costal margin. Dissection started with the incision of the white line of Toldt, and the ascending or descending colon was reflected, medially exposing the retroperitoneum. The ureter was identified and dissected, and the hilar vessels were observed. Following the application of 3 Hem-olok® clips on each artery and vein, the vessels were transected. The specimen was released from the surrounding adhesions and was removed. All operations were performed or supervised by a single attending surgeon (OS). 
Results
Two major demographic differences (distribution of sex and operation type) were identified between Groups A and B (Table 1) . TLN was used more often in male patients (p=0.006) and in those undergoing radical nephrectomies (p<0.001). Other demographic variables were comparable between the groups.
Among the perioperative parameters, operative time (OT), estimated blood loss (EBL), need for transfusion, length of hospital stay (LHS) and complication rates all favored the retroperitoneoscopic groups (p<0.001, p<0.001, p=0.019, p<0.001 and p=0.022, respectively). Rates of conversion to open surgery were similar in the RN and TLN subgroups (p=0.063) ( Table 1) .
Outcomes comparing RN and TLN among the BMI-stratified groups are listed in Table 2 . The distribution of operation types was significantly different in all groups. More radical nephrectomies were performed transperitoneally in each BMI-stratified group (p=0.019, p=0.002 and p=0.054, respectively) and in the entire study cohort. Only in the overweight group was the distribution of sex different, with a larger male population undergoing TLN. In all of the BMI-stratified groups, perioperative parameters indicated that RN had statistically significant improved outcomes over TLN in terms of OT (p<0.001, p=0.034 and p=0.005, respectively for Group 1, 2 and 3), EBL (p<0.001, p<0.001 and p=0.002, respectively) and LHS (p=0.005, p<0.001 and p<0.001, respectively). Other parameters, including the need for transfusions, complications and conversion rates, were similar for the RN and TLN procedures in all groups (Table 2 ). Intraoperative and postoperative complications for both the retroperitoneoscopic and transperitoneal laparoscopic subgroups in all of the BMI-stratified groups are cited in Table 3 . Table 4 The pathological findings are listed in Table 5 and are separated according to retroperitoneoscopic and transperitoneal laparoscopic approaches in each group. Renal cell carcinoma and pyelonephritis were the most commonly reported pathologies.
The mean tumor diameter was 6.46 cm for the patients undergoing laparoscopic radical nephrectomy. The mean tumor size was 5.80 cm and 6.86 cm in the retroperitoneoscopic and transperitoneal procedures, respectively, but the difference in size was not statistically significant. Pathological analyses revealed renal cell carcinoma in 72% and 89% of the radical nephrectomies in the RN and TLN groups, respectively, without surgically positive margins in all cases.
Discussion
Initial studies in urology suggested that obesity is a contraindicative factor for laparoscopic operations. [19, 20] However, the development of new technologies and increasing surgical experience have enabled laparoscopists to overcome the obstacles to LN presented by obese patients. Thus, published evidence indicates that open and laparoscopic procedures in obese patients have similar results in terms of perioperative outcomes and complications. These studies suggest that laparoscopy can be performed safely and as feasibly as open surgery in obese patients. [21, 22] Other comparative studies have highlighted similar complication and open conversion rates between obese and non-obese patients who have undergone laparoscopic nephrectomy despite the increased operative times and greater estimated blood loss seen in obese patients. [23] [24] [25] In general, the present study aimed to examine another issue related to LN in obese patients and to determine whether the retroperitoneoscopic or transperitoneal laparoscopic approach is better. The general comparison of all RN and TLN procedures, listed in Table 1 , revealed that retroperitoneoscopic surgery had significantly better outcomes in terms of OT, EBL, transfusion rate and LHS, regardless of BMI. Meanwhile, complication rates were significantly higher with TLN. In their prospective, randomized comparison, Desai et al. [26] obtained statistically significant results indicating shorter renal hilar control and total operative time for RN, whereas EBL, LHS and complication rates were similar between RN and TLN. In the present study, better perioperative outcomes and a reduction in the complication rate in RN may have been associated with the well-known advantages of retroperitoneoscopy over the transperitoneal approach, such as direct hilar control and less surgical dissection for mobilizing the kidney.
When our data were analyzed according to the WHO-BMI classification system, both normal and overweight patients were found to have significantly better outcomes (in OT, EBL and LHS) with the retroperitoneoscopic approach. Furthermore, complication rates were similar between the two techniques in both groups. Similar advantages are also observed with retroperitoneoscopic approaches in obese patients. A comparison of RN and TLN obtained from the literature is detailed in Table 6 . [26] [27] [28] [29] [30] [31] [32] Generally, there were no significant differences between the two techniques with respect to perioperative parameters (including OT, EBL and LHS). However, a tendency toward increased complications and higher open conversion rates has been reported with TLN. Only Desai et al. [26] obtained statistically significant results in terms of OT favoring the RN group. Thus, it is reasonable to conclude that the techniques could be performed with equivalent safety in obese patients.
In obese patients, retroperitoneoscopy in a 90º flank position offers important advantages, including the avoidance of intraabdominal fatty tissues and pannus. This benefit allows the surgeon to have additional intraoperative maneuverability and to more easily achieve hilar control. Moreover, the retroperitoneoscopic approach allows for an operational field far from adjacent abdominal organs, which decreases the complication rates associated with these organs. However, limited working space is the most emphasized disadvantage of RN. Conversely, TLN offers a large working space and anatomic landmarks (liver, spleen, colon) that facilitate orientation during the operation. At the same time, the proximity of these anatomic landmarks in TLN may cause more complications related to these organs. The most important problem in obese patients regarding TLN is increased abdominal wall fat, which decreases the maneuverability of the Nambirajan et al. [28] , Hydatid Cyst -
surgeon. Increased subcutaneous fatty tissue affects the ability to fix trocars to the skin, causing inadequate flexibility and preventing the surgeon from successfully reaching the operational field. Modifications to address this problem in obese patients have been suggested in the past; these include using a modified 45º flank position, shifting trocars lateral to the umbilicus, inserting a fourth trocar, and using greater insufflation pressures, extra-long instruments and bariatric trocars for TLN. [33] Another concern, regardless of BMI, in TLN is an increased risk of postoperative ileus secondary to colon mobilization; this complication is especially challenging to the surgeon in patients who have undergone previous abdominal surgeries. [34] The present study has some limitations that should be mentioned. First, this study included two different operations, simple and radical nephrectomies, that were evaluated in the same study cohort. Although the inclusion criteria could be regarded as a drawback of the current study, the high number of pyelonephritic kidneys undergoing simple RN may justify this selection bias. Although this methodological approach may have complicated the comparison of perioperative data for both groups, we believe that the perioperative outcomes of these operations were not significantly different, except for the large tumors treated with TLN. Although simple nephrectomies are generally thought to be easier than radical nephrectomies, adhesions secondary to previous pyelonephritis and larger nonfunctioning kidneys can be challenging in simple nephrectomy cases. It is a matter of debate whether T2 radical nephrectomy or simple nephrectomy with adhesions secondary to pyelonephritis is a more technically demanding procedure. In the current study, due to the high number of pyelonephritic kidneys in simple nephrectomy patients (n=62), we evaluated both radical and simple nephrectomies in the same cohort.
Nevertheless, to our knowledge, the present study is the first that uses the World Health Organization BMI cut-off values to directly compare retroperitoneoscopic and transperitoneal laparoscopic approaches. We believe that future studies examining BMI should not only include normal and obese groups but should use the WHO-BMI criteria to separate patients into normal, overweight and obese groups.
Conclusion
The current study suggests that retroperitoneoscopic nephrectomy has better perioperative outcomes, specifically in terms of operative time, estimated blood loss and length of hospital stay, than transperitoneal laparoscopic nephrectomy in obese patients. These outcomes are similar to those seen in normal and overweight patients. Both approaches can be safely performed in obese patients with similar complication and open conversion rates.
